Introduction

A B S T R A C T
Drilling, a hole making process is especially important because it accounts for a large portion of overall machining operations. Amongst all machining operations, drilling using twist drill is most commonly applied method for generating holes for riveting and fastening of structural assemblies.This paper deals with multi performance characteristics in drilling of Aluminum 6061 alloy with water based Nano fluid (small amount of Al2O3 Nano particles in water) using Grey based -Taguchi method. Five parameters namely cutting speed, feed rate, point angle, clearance angle and variable volume fraction of Al2O3 Nanoparticles in water were identified and their ranges for the present investigation were determined from preliminary experiments. Thrust force and surface roughness are recorded using well calibrated equipments at 3 levels with L27 orthogonal array as per Taguchi experimental plan. Optimal combination of process parameters was obtained to minimize the recorded responses. In the case where experiments are ambiguous or when the experimental method cannot be carried out exactly, grey analysis helps to compensate for the shortcoming in statistical regression. Grey based -Taguchi method is an effective tool for analyzing the relationship between sequences with less data and can analyze many factors that can overcome the disadvantages of statistical method.
Most of manufacturing industries perform a huge number of drilling operations in machine shops. The drilling technology has been studied to improve the cutting performance with optimizing the cutting parameters and the tool geometry. Some researchers have developed mathematical models of drilling to estimate thrust and torque. Williams [1] showed that during cutting there are three identifiable zones of interest at the drill point, the main cutting edges, the secondary cutting edges at the chisel edge and an indentation zone about the drill center. Zhang et al. model was based on mechanics of vibration and the continuous distribution of thrust and torque along the lip and the chisel edge of the twist drill [2] . The mean thrust and torque increased as feed increases under constant vibration parameters [3] [4] . They concluded that vibration drilling is different from conventional drilling and it is a dynamic cutting process. Another model was presented for drilling processes by Yang et al. [5] . A statistical analysis of hole quality was performed by Furness et al. [12] . They found that feed and speed have a relatively small effect on the measured hole quality features. With the expectation of hole location error, the hole quality is not predictably or significantly affected by the cutting conditions. Although the authors did not expect these results, they have the important positive implication that production rates may be increased without sacrificing hole quality. Rincon and Ulsoy [15] showed that the changes in the relative motion of the drill do affect the variations of the forces. An increase in the ranges of drill motion results in an increase in the ranges of torque and thrust.
The 6061 alloy of aluminum is primarily composed of magnesium and silicon. Some other elements of 6061 aluminum alloy include small amounts of iron, copper, manganese, magnesium, chromium, zinc and titanium. The 6061 composition of aluminum is an extensively used material for the construction of a wide variety of materials. Bicycles, airplane parts, automotive parts and aluminum cans are all constructed utilizing 6061 aluminum. In many cases, the foil interior wrapper on food containers is also made with 6061 aluminum alloy. Because the material is extremely workable, it is an ideal material for use in these products. Due to its good mechanical properties such as machinability and low density, Aluminum is commonly used in a wide range of industries and constitutes about 40% of all metalcutting operations [16] .
Based on the literature review it was concluded that experimental studies on the effect of thrust force and surface roughness in drilling of Al6061 alloy with nanofluids has not been reported yet. This research was aimed at studying the performance of thrust force and surface roughness during drilling of Al6061 alloy experimentally on Grey based Taguchi method .The paper also highlight the result of ANOVA to confirm the validity and correctness of the Grey based Taguchi method.
Experimental procedure
The standard high-speed steel twist drills with different point and clearance angles were used in the presentinvestigation. Drilling operation was carried out on a Universal Milling Machine with vertical head attachment, Sutlej make, Ludhiana, Punjab, India. Sensing signaled (thrust force (0-500Kgf) and surface roughness (0.025-50 µ-m) were measured using drill tool dynamometer (IEIOS Bangalore make, Model: 651) and TalySurf-50, Taylor Hobbson, England respectively. The photograph of experimental setup is shown in figure1.The experiments were conducted at RVR&JC College of Engineering (Autonomous), Guntur, Andhra Pradesh, India. Drilling of exercises was carried out for each experimental condition to drill 10mm depth blind holes on the Al6061 work piece and for each experimental condition five holes were drilled, with water based Nano fluid (small amount of Al2O3 Nano particles in water).
Figure1: Experimental setup and measurement system
Grey based -Taguchi method:
The integrated grey based taguchi method combines advantages of both grey relational analysis [9] and taguchi method [10] . This method was successfully applied to optimize the multi response of complicated problems in manufacturing processes. Furthermore, ANOVA is performed to see which process parameters are statistically significant. The integrated grey based taguchi method combines the algorithm of taguchi method and grey relational analysis to determine process parameters for multiple responses as shown in figure2. In grey relational analysis, black represents having no information and white represents having all information. A grey system has a level of information between black and white. This analysis can be used to represent the grade of correlation between two sequences so that the distance of two factors can be measured discretely. In the case when experiments are ambiguous or when the experimental method cannot be carried out exactly, grey analysis helps to compensate for the shortcoming in statistical regression .Grey relation analysis is an effective means of analyzing the relationship between sequences with less data and can analyze many factors that can overcome the disadvantages of statistical method. In grey relational analysis, when the range of the sequence is large or the standard value is enormous, the function of factors is neglected. However, if the factors goals and directions are different, the grey relational might produce incorrect results. Therefore, one has to pre-process the data which are related to a group of sequences, which is called 'grey relational generation'. Data pre-processing is a process of transferring the original sequence to a comparable sequence. For this purpose the experimental results are normalized in the range between zero and one. In the grey relational analysis, the grey relational grade is used to show the relationship among the sequences. If the two sequences are identical, then the value of grey relational grade is equal to 1. The grey relational grade also indicates the degree of influence that the comparability sequence could exert over the reference sequence. Therefore, if a particular comparability sequence is more important than the other comparability sequences to the reference, then the grey relational grade for that comparability sequence and reference sequence will be higher than other grey relational grades. 
Nanofluids
Nanofluids are a relatively new class of fluids which consist of a base fluid with nano-sized particles (1-100 nm) suspended within them. These particles, generally a metal or metal oxide, increase conduction and convection coefficients, allowing for more heat transfer out of the coolant [11] . Serrano et al. [12] , provided excellent examples of nanometer in comparison with millimeter and micrometer to understand clearly as can be seen in figure. 3.In the past few decades, rapid advances in nanotechnology have lead to emerging of new generation of coolants called "nanofluids". Nanofluids are defined as suspension of nanoparticles in a base fluid. Some typical nanofluids are ethylene glycol based copper nanofluids and water based copper oxide nanofluids, Nanofluids are dilute suspensions of functionalized nanoparticles composite materials developed about a decade ago with the specific aim of increasing the thermal conductivity of heat transfer fluids, which have now evolved into a promising nano technological area. Such thermal nanofluids for heat transfer applications represent a class of its own difference from conventional colloids for other applications. 
Vital role of NanoFluid in drilling application
Drilling fluid are used in drilling operations to coal and lubricate the drill bit, remove rock debris and drill cuttings from the site and to counteract down hole formation pressures, but if the fluid lacks in any of functional requirements could lead to severe drilling problems such as lost circulation, pipe sticking, formation damage, erosion of the borehole, poor hole cleaning and torque and drag that significantly reduces the efficiency of drilling. The rheology of the drilling fluid determines the serviceability of the fluid and proportionally the probability of encountering undesirable predicaments in drilling operation. The viscosity, density and the gelling strength of the drilling fluid are the key factors that determine the functional specifications at drilling fluids with the obvious inference of the fact that they should remain constant over a wide range of operating condition. Research is being conducted to develop nanoparticle-amended drilling fluid with enhanced functionalities. Such enhancements include improved rheological, thermal, mechanical, magnetic and optical profiles. These drilling fluids will have close to realtime responsiveness (i.e. viscosity) to changing conditions downhole. Cutting fluids with inclusion of nanoparticles have enhanced heat transfer capacity up to 6%. Nano fluids samples (figure5) are prepared and obtained from Vignan Engineering College, Vadlamudi, and Guntur. 
Results and discussions
Table2 shows the experimental runs according to the selected orthogonal table. After drilling, two quality objectives of the work pieces are chosen, including the thrust force and surface roughness. Typically, small values of thrust force and surface roughness are desirable for the drilled hole, grey relational coefficient and grade for each experiment of the L27orthogonal array was calculated. Experiment No.4 has the highest grey relational grade. Thus the experiment 4 gives the best multi performance characteristics among the 27 experiments. The response table of Grey based -Taguchi method was employed here to calculate the average grey relational grade for each factor level. The procedure was to group the relational grades firstly by factor level for each column in the orthogonal array and then to average them. Since the grey relational grades represented the level of correlation between the reference and comparability sequences, the larger grey relational grade means the comparability sequence exhibits a stronger correlation with reference sequence. Therefore, the comparability sequence has a larger value of grey relational grade for the thrust force and surface roughness. Based on this premise the study selects the level that provides the largest average response. In table3, A2 B1 C2 D1 E1 shows the largest value of grey relational grade for factors A, B, C, D and E respectively. Therefore A2 B1 C2 D1 E1 is the condition for the optimal parameter combination of the drilling of a hole to minimize thrust force and surface roughness. The influence of each cutting parameter can be more clearly presented by means of the grey relational grade graphs. It shows the change in the response, when the factors go for their level 1 to level 3. The response graph for the drilling parameters is presented in fig.5 . Table2. Grey -Taguchi Response 
Conclusions
The Grey relational analysis, based on an orthogonal array of the Taguchi methods was a way of optimizing the process parameters in drilling for A16061 From the response table of the average grey relational grade, it is found that the largest value of the GRA for the cutting speed of 550rpm, the feed rate of 0.5 mm/rev, 0.5 Volume fraction of Al2O3nanofluids in water, point angle 136 degrees and clearance angle 4degrees. It is the recommended levels of the controllable parameters for the process of drilling as the minimization of thrust force and surface roughness. Due to applying nano fluids as cutting fluid, it causes increase of thrust force and better surface roughness, observed during experimentation. 
